Mucormycosis is a life-threatening invasive fungal disease that affects a variety of patient groups. Although Mucorales are mostly opportunistic pathogens originating from soil or decaying vegetation, there are currently few data on prevalence of this group of fungi in the environment. The aim of the present study was to assess the prevalence and diversity of species of Mucorales from soil samples collected in France. Two grams of soil were homogenized in sterile saline and plated on Sabouraud dextrose agar and RPMI agar supplemented with itraconazole or voriconazole. Both media contained chloramphenicol and gentamicin. The plates were incubated at 35 ± 2
Introduction
Mucormycosis is an emerging life threatening invasive fungal disease that affects both immunocompetent and immunocompromised patients. 1, 2 Mucorales can cause rhinocerebral, pulmonary, gastrointestinal, cutaneous or disseminated infection in predisposed individuals, and the clinical form is often associated with particular underlying disorders. 3, 4 Underlying conditions predisposing to mucormycosis include especially diabetes mellitus, burns or trauma, solid-organ transplantations, and haematological malignancies. 5 Although there are some cases of healthcare-associated mucormycosis, 6 the majority of infections are supposed to be acquired from the environment. Indeed, Mucorales are mostly opportunistic pathogens originating from air, soil, decaying organic matter and composting vegetation. 1, 7 The environmental origin is particularly obvious in post-traumatic mucormycosis. Severe infections following trauma has been reported during natural disasters such as volcanic cataclysm, 8 tornado, 9 and tsunami. 10 Mucormycosis is also an emerging cause of combat-related wound infections. 11 Cases of animal mucormycosis have also been reported, especially in herbivores. 1 Nevertheless, there are only few data on the prevalence of Mucorales in indoor and outdoor environments. 7 Although Mucorales seem to be distributed worldwide and have been recovered, among other fungi, from various sources, including extreme environments such as Antarctic 12 or geothermal 13 soils, few studies focused on Mucorales have been conducted. In particular, it is not known if the distribution of the different Mucorales species responsible for human or animal infections is reflected by the same distribution in the environment. Moreover, the optimal technique for recovering Mucorales from soil samples is currently unknown. The aim of the present study was to evaluate the presence and frequency of the different pathogenic species of Mucorales in soil sampled in France and to test the performance of a voriconazole-containing medium.
Methods

Collection of soil samples
A total number of 170 soil samples were collected in sterile tubes in different regions in France between 2013 and 2015. These samples included cultivated fields (n = 67), noncultivated fields (n = 52), forests (n = 10), flower beds (n = 13), and other types of soil (n = 28). Before processing, all samples were kept at 4
• C.
Culture
Two grams of soil were homogenized in 8 ml of sterile 0.85% NaCl containing 0.05% Tween 20. After vortexing for 1 min, 100 μl of suspensions were plated on four different media: Sabouraud dextrose agar (SDA, Oxoid, Dardilly, France), RPMI (Sigma-Aldrich, Saint-Quentin Fallavier, France) agar, RPMI agar supplemented with either 4 mg/l of itraconazole (Sigma-Aldrich) or 1 mg/l of voriconazole (Sigma-Aldrich). RPMI was chosen because RPMI agar plates supplemented with azoles have been successfully used previously for screening azole-resistant Aspergillus isolates. 14, 15 All media contained chloramphenicol (SigmaAldrich) at 0.5 g/l and gentamicin (Sigma-Aldrich) at 0.04 g/l to prevent bacterial overgrowth. Afterward, the plates were incubated at 35 ± 2 • C for 7 d and checked daily for fungal growth.
Phenotypic identification
All Mucorales isolated from both SDA and RPMI agar media were observed macroscopically with a stereomicroscope and identified microscopically. 16 Mucorales were subcultured to purity on SDA. All strains were stored as spore suspensions at −20 • C on Cryobeads R (bioMérieux, Marcy L'Etoile, France) until used.
Molecular identification
Molecular identification of Mucorales isolates from fungal cultures was performed by sequencing the internal transcribed spacer (ITS) region of the ribosomal DNA as currently recommended. 17, 18 Genomic DNA extraction from spores collected from fresh culture grown on SDA for 7 d at 30
• C was performed as follows. The suspension of spores was subjected to mechanical disruption with 0.5 mm diameter glass beads (Biospec, Bartlesville, OK, USA) in lysis buffer (MagNA Pure LC) and proteinase K (20.6 mg/ml) by using the MagNaLyser homogenizer (Roche Diagnostics, Meylan, France) for 30 s at 6000 rpm. After cooling at 4
• C on the Rotor Cooling Block, tubes were mixed overnight at 65
• C at 500 rpm and the suspension was directly used for DNA purification with the MagNa Pure Compact Nucleic Acid Isolation Kit (Roche Diagnostics) in a MagNa Pure Compact apparatus (Roche Diagnostics) according to the manufacturer's instructions. DNA was finally eluted into 50 μl of the elution buffer and quantified using a NanoDrop DN-1000 Spectrophotometer (Fisher Scientific, Illkirch, France). Amplification of both the ITS1 and ITS 2 regions was performed in two independent reactions. An M13 tail was added to the ITS primers to standardize the amplification and sequencing procedures. The whole ITS region of the ribosomal DNA (rDNA) was amplified 19 with the two following pairs of M13-tailed primers (Sigma  Aldrich):  ITS5-M13F: 5 GTAGCGCAGCGGCCAGTGGAAGT  AAAAGTCGTAACAAGG3 ;  ITS2-M13R: 5 CAGGGCGCAGCGATGACGCTGCG  TTCTTCATCGATGC3 ;  ITS3-M13F: 5 GTAGCGCAGCGGCCAGTGCATCGA  TGAAGAACGCAGC3 ; and ITS4-M13R :5 CAGGGCGCAGCGATGACTCCT CCGCTTATTGATATGC3 .
The amplification reaction mixture consisted of DNA (20 ng/μl), 1 × Fast Start Polymerase Chain Reaction (PCR) Buffer, 0.5 × of GC-RICH Solution, 2.5 mM MgCl 2 , 0.2 mM each dNTP, 0.4 μM of each primer, 1.25 U of Fast Start Taq DNA polymerase (Roche Diagnostics). The mixture was subjected to an initial denaturation step at 95
• C for 8 min, followed by 35 cycles of denaturation at 95
• C for 30 s, annealing at 52
• C for 30 s, and extension at 72
• C for 1 min, and a final extension step at 72
• C for 5 min on a LightCycler LC480 system (Roche Diagnostics).
A negative control was systematically included in each run. Amplicons were then purified by the nucleoFast 96 PCR system (MachereyNagel, Hoerdt, France) and bi-directionally sequenced using the D-deoxy Terminator Cycle Sequencing Kit v1.1 protocol (Life Technologies, Courtaboeuf, France). The purified reaction products were run on an ABI 3730XL DNA analyzer and analyzed with the Seqscape v2.6 software (Life Technologies).
Sequence analysis
ITS sequences were subjected to BLAST searches at GenBank (http://www.ncbi.nlm.nih.gov/BLAST/Blast.cgi). For identification, only the nucleotide sequences of type or reference strains deposited in GenBank were considered. Identification to the species level was considered correct when the percentage of identical residues was ≥99% compared to the sequence of the type or reference strain. Sequences were aligned with Bioedit v7.0 software to evaluate possible intraspecific variability. Sequences of type and reference strains (e.g., strains from international collections) were retrieved from GenBank and used for clustering of isolates by constructing Neighbour Joining trees with MEGA v6. Species (e.g., Rhizopus arrhizus) were named according to the current nomenclature.
20,21
In vitro antifungal susceptibility testing
Minimum inhibitory concentrations (MICs) of amphotericin B (Sigma-Aldrich) and posaconazole (Sigma-Aldrich) were determined for all isolates by the EUCAST microdilution broth reference technique E.def 9.2. 22 Briefly, strains 
Statistical analysis
Proportion of culture positivity obtained with the different culture media were compared by a one-sided χ 2 test, using GraphPad Prism v. 3 (GraphPad Software, Inc., La Jolla, CA, USA).
Results
Among the 170 soil samples included in the study, 38 samples (22%) were culture-positive for Mucorales. In total, 41 isolates of Mucorales belonging to five species in four genera were isolated in the 38 positive samples. Molecular identification to the species level of all the strains is presented in Table 1 . Rhizopus arrhizus var. arrhizus was the most frequent species (n = 27), followed by Mucor circinelloides (n = 11). The other species were Lichtheimia corymbifera (n = 1), Rhizopus microsporus (n = 1) and Cunninghamella bertholletiae (n = 1 Fig. 1 ). Four different media were used for culture of soil samples: SDA, RPMI and RPMI supplemented with either itraconazole (RPMI-ITZ) or voriconazole (RPMI-VRZ).
Overall, among the 170 samples, 22, 21, 16, and 29 were culture-positive for Mucorales on SDA, RPMI, RPMI-ITZ, and RPMI-VRZ, respectively (Fig. 1) . Among the 38 positive samples (with any medium), positivity was 57.9%, 55.3%, 42.1%, and 76.3%, for SDA, RPMI, RPMI-ITZ, and RPMI-VRZ, respectively. RPMI-VRZ was significantly better than SDA (P = .044), RPMI (P = .026), and RPMI-ITZ (P = .012) for detection of Mucorales.
The geographical distribution of samples is shown in Figure 2 . Among the 170 samples, 67, 52, 13, 10, and 28 samples were obtained from cultivated fields, noncultivated fields, flower beds, forests, and other types of soil, respectively. The highest rate of culture positivity was observed for flower beds (38%) followed by cultivated fields (31%), noncultivated fields (19%), forests (10%), and other types of soil (mainly compost and decaying organic matter) (4%).
Results of in vitro antifungal susceptibility testing of amphotericin B and posaconazole, performed according to EU-CAST methodology, are presented in Table 2 . For amphotericin B, all isolates exhibited MIC ≤0.5 μg/ml except C. bertholletiae that showed an MIC of 2 μg/ml. Overall, a narrow range of amphotericin B MICs (0.125 to 0.5 μg/ml) was observed for both R. arrhizus and M. circinelloides. For posaconazole, there were more differences between species. A narrow range of posaconazole MICs (0.125 to 1 μg/ml) was observed against R. arrhizus, while a wider distribution (1 to 16 μg/ml) was found for M. circinelloides. Nevertheless, there was no clear relationship between posaconazole MIC and the phylogenetic position of the M. circinelloides isolates in the ITS tree (data not shown). Three other species (L. corymbifera, R. microsporus, and C. bertholletiae) had posaconazole MICs of 0.25 to 0.5 μg/ml.
Discussion
Although pathogenic Mucorales are considered to be frequently present in environment such as soil, 1,7 the prevalence of this group of fungi and the distribution of the different species is largely unknown. In the present study, we detected the presence of Mucorales in 22% of soil samples originating from different geographical areas in France. The two main species were R. arrhizus and M. circinelloides but other species (R. microsporus, L. corymbifera, and C. bertholletiae) were also isolated. 26 The type of soil is probably an important parameter. For example, in one study, it was shown that the isolation of Apophysomyces spp. was associated with a low level of nitrogen in soil. 25 In the present study, the composition of soils was not determined, but different recovery rates depending on the soil type were observed. The highest frequency of Mucorales isolation was found in soil from flower beds and cultivated fields. Differences in recovery rate and species distribution between the present and previously published studies may be due to geographical variability but could also reflect methodological differences between studies. Indeed, the best technique for recovery of pathogenic Mucorales from soil, or other environmental compartments, is unknown. Specific media have been used previously for better isolation of Mucorales such as benomyl 25 or ketoconazole supplemented media 27 In summary, this study demonstrated that pathogenic Mucorales could be frequently detected in soil samples across France. Due to fragmentary data in the literature, large sampling in various geographical areas in Europe and in the rest of the world is warranted for a better understanding of the ecology of this important group of fungi.
Supplementary material
Supplementary data are available at MMYCOL online.
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